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In conventional gyrokinetic studies, the gyrocenter
phase-space variables are deﬁned by using the back-
ground magnetic conﬁnement ﬁeld that is assumed
to be independent of time. However, the background
or equilibrium magnetic ﬁeld changes along with the
pressure proﬁle on the transport time scale. There-
fore, in order to accurately describe the long-time be-
haviors of the gyrokinetic turbulence, we need to treat
the time-dependent background ﬁeld and show how
to determine its time dependence. In this work [1],
the gyrokinetic ﬁeld theory [2] is extended to derive
the conditions which determine the time-dependent
magnetic conﬁnement ﬁelds in axisymmetric toroidal
systems.
All governing equations for the gyrokinetic system
considered here are derived from the variational prin-
ciple, δI = 0, where I ≡ ∫ t2t1 Ldt is the action in-
tegral and L is the Lagrangian which includes not
only the gyrocenter coordinates and turbulent elec-
tromagnetic ﬁelds but also the constraint on the back-
ground magnetic ﬁelds. Then, besides equations for
the gyrocenter motion equations and turbulent ﬁelds,
the conditions which self-consistently determine the
background ﬁelds varying on a transport time scale
are obtained. The resultant gyrocenter motion equa-
tions are written in terms of the gyrocenter coordi-
nates Za = (Xa, Ua, µa, ξa) for species a as
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where the eﬀects of the vector potential for the time-
dependent background magnetic ﬁeld appear through
the terms proportional to ∂A∗a/∂t and the ﬂuctuat-
ing electromagnetic ﬁelds are included in the potential
Ψa. The gyrokinetic Vlasov equation for the gyrocen-
ter distribution function Fa(X, U, µ, t) is written as(
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where dXa/dt and dUa/dt represent the values of
the right-hand sides of Eqs.(1) and (2) evaluated at
the gyrocenter coordinates (X, U, µ) and the time t.
The gyrokinetic Poisson equation and the gyrokinetic
Ampe`re’s law are given by
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respectively. The equilibrium magnetic ﬁeld B0 is
given in the axisymmetric form as B0 = I∇ζ +∇ζ ×
∇χ, where I and χ are determined from
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Equations (4)–(8) constitute the closed system of
governing equations which determine Fa, ϕ, A1, I,
and χ for the present gyrokinetic system with time-
dependent axisymmetric background mangetic ﬁelds.
Detailed deﬁnitions of all variables in the equations
shown in this report are given in Ref.[1]. Conser-
vation laws for energy and toroidal angular momen-
tum of the whole system in the time-dependent back-
ground magnetic ﬁelds are naturally derived by ap-
plying Noether’s theorem [1–3]. It is shown that the
ensemble-averaged transport equations of particles,
energy and toroidal momentum given in the present
work agree with the results from the conventional re-
cursive formulation with the WKB representation ex-
cept that collisional eﬀects are disregarded here [1].
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